Key indicators: single-crystal X-ray study; T = 293 K; mean (As-O) = 0.002 Å; disorder in main residue; R factor = 0.019; wR factor = 0.045; data-to-parameter ratio = 15.1. . Two distinct hydrogen bonds are present, one with OÁ Á ÁO = 2.610 (4) Å and the other OÁ Á ÁO = 2.595 (3) Å . One of the H-atom positions is disordered over two sites with 50% occupancy, in agreement with observations for other natrochalcite-type minerals, such as natrochalcite and tsumcorite. 
, and Mg 2+ , and X by P V , As V , V V , and S VI . The minerals in the group display either monoclinic or triclinic symmetry, depending on the ordering of chemical components in the M site. Based on single-crystal X-ray diffraction data of a sample from the type locality, Mapimi, Durango, Mexico, this study presents the first structure determination of lotharmeyerite. Lotharmeyerite is isostructural with natrochalcite and tsumcorite. The structure is composed of rutile-type chains of edge-shared MO 6 octahedra (site symmetry 1) extending along [010] , which are interconnected by XO 4 tetrahedra (site symmetry 2) and hydrogen bonds to form [M 2 (XO 4 ) 2 (OH,H 2 O) 2 ] sheets parallel to (001). These sheets are linked by the larger A cations (site symmetry 2/m), as well as by hydrogen bonds. Bond-valence sums for the M cation, calculated with the parameters for Mn 3+ and Mn 2+ are 2.72 and 2.94 v.u., respectively, consistent with the occupation of the M site by Mn 3+ . Two distinct hydrogen bonds are present, one with OÁ Á ÁO = 2.610 (4) Å and the other OÁ Á ÁO = 2.595 (3) Å . One of the H-atom positions is disordered over two sites with 50% occupancy, in agreement with observations for other natrochalcite-type minerals, such as natrochalcite and tsumcorite.
Related literature
For lotharmeyerite, see: Dunn (1983) ; Kampf et al. (1984) ; Brugger et al. (2002) . For related minerals in the natrochalcite group, see : Tillmanns & Gebert (1973) ; Chevrier et al. (1993) ; Ansell et al. (1992) ; Krause et al. (1998 Krause et al. ( , 1999 Krause et al. ( , 2001 ); Brugger et al. (2000 Brugger et al. ( , 2002 . Parameters for bond-valence calculations were taken from Brese & O'Keeffe (1991) . For additional information on related minerals, see : Ferraris & Ivaldi (1984) ; Krickl & Wildner (2007) .
Experimental
Crystal data Ca(ZnÁMn) 2 (AsO 4 ) 2 (H 2 OÁOH) 2 M r = 474.14 Monoclinic, C2=m a = 9.0727 (6) Å b = 6.2530 (4) Å c = 7.4150 (5) Table 1 Hydrogen-bond geometry (Å , ). Data collection: APEX2 (Bruker, 2004 ); cell refinement: SAINT (Bruker, 2004) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: XtalDraw (Downs & Hall-Wallace, 2003) ; software used to prepare material for publication: publCIF (Westrip, 2010 , and S 6+ (Krause et al., 1998 (Krause et al., , 2001 Brugger et al., 2000; 2002) . The majority of minerals in this group crystallize in monoclinic C2/m symmetry and a few in triclinic P1 symmetry. In particular, monoclinic natrochalcite-group minerals with A = Ca and X = As can be further assigned to the lotharmeyerite subgroup, which includes six members: lotharmeyerite (M = Zn) (Dunn, 1983; Kampf et al., 1984; Brugger et al., 2002) , ferrilotharmeyerite (M = Fe 3+ ) (Ansell et al., 1992; Krause et al., 1998) , cobaltlotharmeyerite (M = Co) (Krause et al., 1999) , nickellotharmeyerite (M = Ni) (Krause et al., 2001) ,
) (Brugger et al., 2002) , and cabalzarite (M = Mg) (Brugger et al., 2000) .
Lotharmeyerite from the Ojuela mine, Mapimi, Mexico was first described by Dunn (1983) Kampf et al. (1984) on the basis of the infrared spectroscopic data measured on the specimen from the type locality. Unfortunately, due to the very small crystals in drusy growths, which gave somewhat diffuse and split spots on precession films, Kampf et al. (1984) only obtained the unit-cell parameters for this mineral: a = 9.066 (4), b = 6.276 (2), c = 7.408 (2) Å, β = 116.16 (3)°, V = 378.3 (4) Å
3
.
From the structure refinement of ferrilotharmeyerite, the Fe 3+ analogue of lotharmeyerite, Krause et al. (1998) proposed a new chemical formula for lotharmeyerite as Ca(Mn Lotharmeyerite is isotypic with other monoclinic natrochalcite-group minerals (e.g., Tillmanns & Gebert, 1973; Chevrier et al., 1993; Krause et al., 1998 Krause et al., , 1999 Krause et al., , 2001 Brugger et al., 2000; 2002 (Brese & O'Keeffe, 1991) , are 2.72 and 2.94 v.u., respectively, consistent with the occupation of the M site by Mn 3+ (Brugger et al. 2002) .
The presence of protonated AsO 3 OH groups was postulated for lotharmeyerite by Kampf et al. (1984) from the infrared spectral measurement and by analogy also for ferrilotharmeyerite by Ansell et al. (1992) . According to Ferraris & Ivaldi (1984) , a protonated AsO 3 OH tetrahedron is generally distorted with the As-OH bond distance noticeably longer than the other three As-O bond distances. This appears to be the case for all monoclinic arsenate minerals in the natrochalcite-group, sup-2 such as ferrilotharmeyerite, tsumcorite, mounanaite, gartrellite (Krause et al., 1998) , cobaltlotharmeyerite (Krause et al. 1999) , nickellotharmeyerite (Krause et al., 2001) , and manganlotharmeyerite (Brugger et al., 2002) . In all these minerals, the As-O2 bond distance is the longest within the AsO 4 group. However, from the crystal-chemical considerations, Krause et al. (1998) ruled out the likelihood for O2 being protonated, due to its coordination by one A, two M, and one X cations, which gives rise to a nearly ideal bond-valence sum (2.0 v.u.) for O2. Moreover, Krause et al. (1998) argued that a protonated AsO 3 OH tetrahedron, in general, exhibits a decrease in the OH-As-O angles and an increase in the O-As-O angles, but they were unable to verify such a variation for the natrochalcite-group minerals. Our refinement on lotharmeyerite lends further support to the conclusion by Krause et al. (1998) that there is no evidence for the presence of the HAsO 4 group in this structure. Specifically, the As-O bond lengths in lotharmeyerite vary from 1.671 (2) to 1.698 (2) Å, with an average of 1.688 Å. No outstanding long As-O bond is observed. Considering the experimental uncertainties, the difference between the longest As-O2 and next longest As-O3 bond distances is essentially insignificant [1.698 (2) Å versus. 1.692 (1) Å].
Furthermore, the O2-As-O3 and O2-As-O4 angles are 111.60 (6) and 101.87 (11)°, respectively, which are compared to the O3-As-O3 and O3-As-O4 angles of 108.93 (10) and 111.37 (7) (Brugger et al. 2000) , and synthetic Co-and Ni-analogs of natrochalcite (Krickl & Wildner, 2007) . Such a hydrogen bonding scheme has also been discussed in detail by Tillmanns & Gebert (1973) , Krause et al. (1998 Krause et al. ( , 1999 Krause et al. ( , 2001 , and Brugger et al. (2002) .
Experimental
The lotharmeyerite crystal used in this study is from the type locality Mapimi, Durango, Mexico and is in the col- 2 , was determined with a CAMECA SX100 electron microprobe at the conditions of 15 kV, 10 nA, and a beam size of 5 µm (http//rruff.info).
Refinement
A further empirical absorption correction for the X-ray intensity data was made using the program XABS2 (Parkin et al., 1995) , which significantly flattened the residual difference map features from 1.425 and -0.847 eÅ -3 to 0.808 and -0.767 eÅ -3 and lowered R 1 to 1.88% from 2.24%. Two H atoms were located near O1 from difference Fourier syntheses and their positions refined freely with a fixed isotropic displacement (U iso = 0.04). The occupancy of the H1 site was fixed to 50% because of its splitting. During the structure refinements, for simplicity, we assumed the full occupations of the three non-hydrogen cation sites A, M, and X by Ca, (Zn + Mn), and As, respectively, with the Zn/Mn ratio refined. The resultant structural formula is Ca 1.00 (Zn 1.02 Mn bsorption correction: multi-scan [SADABS (Sheldrick, 2005) and XABS2 (Parkin et al., 1995) Primary atom site location: structure-invariant direct methods Extinction coefficient: 0 supplementary materials sup-6 Fig. 1 
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